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(54) TWISTING BALL DISPLAY SHEET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a twisting ball 
display sheet which can stably keep an image even when 
accidental triboelectrification or dissipation of retention 
charges occurs after the image is written. 
SOLUTION: The twisting ball display sheet 10 has a 
translucent sheet 12 having cavities 14 which are 
regularly formed and arranged, color balls 1 6 housed in 
the cavities 1 4, each having two surfaces with different 
optical characteristics and electrification characteristics 
from each other and rotatable by an electric effect, an 
insulating liquid 18 filling the space between the inner 
wall faces of the cavities 14 and the color balls 16, and 
polymer gel particles 26 dispersed in the insulating liquid 
18. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The TSUISUTINGU ball display sheet equipped with the insulating liquid with which is 
held the translucency sheet which has the cavity by which array formation was carried out 
regularly, and in said cavity, and has at least two front faces where an optical property differs 
from an electrification property, and the electric action was filled up between the pivotable 
coloring ball, and the internal surface of said cavity and said coloring ball, and the reversible 
volume change matter distributed in said insulating liquid. 

[Claim 2] The TSUISUTINGU ball display sheet characterized by to hold the translucency sheet 
which has the cavity by which array formation was carried out regularly, and in said cavity, to 
have at least two front faces where an optical property differs from an electrification property, 
to have the insulating liquid with which the electric action was filled up between the pivotable 
coloring ball, and the internal surface of said cavity and said coloring ball, and for all or some of 
said coloring ball to consist of reversible volume change matter. 

[Claim 3] Said reversible volume change matter is a TSUISUTINGU ball display sheet according 
to claim 1 or 2 characterized by producing a volume change with heat. 

[Claim 4] It holds the translucency sheet which has the cavity by which array formation was 
carried out regularly, and in said cavity, and has at least two front faces where an optical 
property differs from an electrification property. By the electric action A pivotable coloring ball, 
The TSUISUTINGU ball display sheet characterized by having the insulating liquid with which it 
filled up between the internal surface of said cavity, and said coloring ball, and forming some 
walls [ at least ] of said cavity by the reversible volume change matter. 

[Claim 5] Said reversible volume change matter is a TSUISUTINGU ball display sheet according 
to claim 4 characterized by producing a volume change by heat or light. 



[Translation done.] 
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1This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has held the coloring ball which has a partially different 
electrification property in the cavity filled up with the insulating liquid, and relates to the 
TSUISUTINGU ball display sheet which displays an image (a text is included) by rotating this 
coloring ball by the electric action. 
[0002] 

[Description of the Prior Art] Conventionally, the TSUISUTINGU ball display sheet (it may only 
be hereafter called a "sheet") 1 1 which has a partial cross section as shown in drawing 12 is 
known. This sheet 1 1 consists of a translucency sheet 1 2 made from an ingredient like an 
elastomer, the cavity 14 of a large number with the interior spherical in the translucency sheet 
1 2 — being regular (the shape of for example, a grid) — array formation is carried out. The 
coloring ball 16 is held in the cavity 14. The cavity 14 is greatly formed a little rather than the 
size of the coloring ball 16. It fills up with the insulating liquid 18 between the internal surface of 
a cavity 14, and the coloring ball 16. Each of such cavities 14 constitutes a pixel in a sheet 11. 
[0003] The coloring ball 1 6 has two front faces where optical properties differ. The coloring ball 
16 has white hemisphere 16w in one side, and, specifically, already has a black hemisphere in one 
side. It could be colored by distinguishing a coating etc. by different color with on each front face 
of both hemispheres, or applying a coating etc. only to the front face of one hemisphere, and 
these colors could be colored by making the ingredient which constitutes each hemisphere 
contain coloring matter, such as a pigment, respectively. Moreover, the diameter dozens of 
micrometers or less of the coloring ball 16 is about 20 micrometers in 10 thru/or magnitude 
preferably. 

[0004] Moreover, the coloring ball 1 6 has the front face which is two from which an 
electrification property differs, i.e., a white hemisphere front face, and a black hemisphere front 
face. Thereby, the dipole moment has arisen inside the coloring ball 16. Thus, forming, 
respectively with the ingredient which is covered with the film which has F-potential which is 
different in the front face of each hemispheres 16w and 16b as an approach of producing the 
dipole moment, respectively, which forms a ball with a ferroelectric ingredient and is made to 
carry out polarization in each hemisphere opposite direction and which has a work function which 
is different in each hemispheres 1 6w and 1 6b etc. occurs. Thus, when predetermined electric 
field are applied to the coloring ball 1 6 which the dipole moment has produced, the coloring ball 
1 6 will rotate. Here, it is assumed that it is that in which white hemisphere 1 6w has the charge of 
forward (+), and black hemisphere 1 6b has the charge of negative (-). 

[0005] In addition, such a manufacture approach of a sheet 1 1 or the coloring ball 16 is indicated 
by U.S. Pat. No. 4,126,854, JP,10-214050,A, JP,10-333608,A, etc., and is well-known. 
[0006] With the sheet 1 1 which has the configuration mentioned above, by applying 
predetermined electric field before image formation, as shown in drawing 12 , all the coloring balls 
1 6 rotate and are equal to the condition of having turned each white hemisphere 1 6w in the 
same direction. Thereby, when a sheet 1 1 is seen from the upper part (it is the same also in the 
direction of X, and drawing 1 3 ), the whole sheet is visible to white. If electric field 24 are applied 
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to the desired cavity 14 to the sheet 1 1 in this condition with the external electrodes 20 and 22 
arranged on both sides of a sheet 1 1 as shown in drawing 13 , while being drawn to the electrode 
20 with which positive voltage was impressed by black hemisphere 1 6b which carried out 
negative polarity electrification, it is drawn to the electrode 22 with which the minus electrical 
potential difference was impressed by white hemisphere 1 6w which carried out straight polarity 
electrification. Thereby, the coloring ball 1 6 is visible to a black dot, when black hemisphere 1 6b 
rotates in the condition of having turned to the electrode 20 and looks at a sheet 1 1 from the 
upper part. Thus, a desired image can be displayed on a sheet 1 1 by rotating many coloring balls 
1 6 alternatively. 

[0007] Thus, the displayed image is held by being maintained so that the coloring ball 16 may not 
rotate with the maintenance charge given to the front face of a sheet 1 1 with the external 
electrodes 20 and 22. 
[0008] 

[Problem(s) to be Solved by the Invention] However, with the sheet 1 1 as which the image was 
displayed as mentioned above, when there was disappearance of the accidental frictional 
electrification by rubbing by hand etc. or a maintenance charge, the coloring ball of the image 
display section or the non-image display section may rotate, and there was a problem that it was 
stabilized and an image could not be held. 
[0009] 

[Means for Solving the Problem] In order to solve said problem then, the 1st TSUISUTINGU ball 
display sheet of this invention It holds the translucency sheet which has the cavity by which 
array formation was carried out regularly, and in said cavity, and has at least two front faces 
where an optical property differs from an electrification property. By the electric action A 
pivotable coloring ball, It has the insulating liquid with which it filled up between the internal 
surface of said cavity, and said coloring ball, and the reversible volume change matter distributed 
in said insulating liquid. 

[0010] Moreover, the 2nd TSUISUTINGU ball display sheet of this invention It holds the 
translucency sheet which has the cavity by which array formation was carried out regularly, and 
in said cavity, and has at least two front faces where an optical property differs from an 
electrification property. By the electric action A pivotable coloring ball, It has the insulating liquid 
with which it filled up between the internal surface of said cavity, and said coloring ball, and is 
characterized by said all or some of coloring ball consisting of reversible volume change matter. 
[001 1] With the 1st [ of said this invention ], and 2nd TSUISUTINGU ball display sheets, said 
reversible volume change matter may produce a volume change with heat. 
[0012] Moreover, the 3rd TSUISUTINGU ball display sheet of this invention It holds the 
translucency sheet which has the cavity by which array formation was carried out regularly, and 
in said cavity, and has at least two front faces where an optical property differs from an 
electrification property. By the electric action A pivotable coloring ball, It has the insulating liquid 
with which it filled up between the internal surface of said cavity, and said coloring ball, and is 
characterized by forming some walls [ at least ] of said cavity by the reversible volume change 
matter. 

[0013] With the 3rd TSUISUTINGU ball display sheet of this invention, said reversible volume 

change matter may produce a volume change by heat or light. 

[0014] 

[Effect of the Invention] With the 1st TSUISUTINGU ball display sheet of this invention, the 
reversible volume change matter distributed in the insulating liquid around a coloring ball is 
shrunk at the time of image writing. Thereby, frictional resistance with the reversible volume 
change matter is reduced, and a coloring ball will be in a pivotable condition in an insulating liquid. 
On the other hand, after image write-in termination, said reversible volume change matter is 
expanded in the condition of having contacted the coloring ball front face and the cavity internal 
surface. Consequently, when frictional resistance with the reversibility volume change matter 
increases, rotation is controlled, and the coloring ball which rotated in the condition of having 
displayed the image is held while it has been in the condition. This is the same also about the 
coloring ball of the non-image display section. Therefore, according to the 1st TSUISUTINGU ball 
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display sheet of this invention, even if disappearance of accidental frictional electrification or a 
maintenance charge is after image writing, a coloring ball does not rotate, it is stabilized and an 
image can be held. 

[0015] With the 2nd TSUISUTINGU ball display sheet of this invention, all or some of coloring ball 
consists of reversible volume change matter, by shrinking the coloring ball itself at the time of 
image writing, and making it a cavity internal surface and non-contact, it changes into a pivotable 
condition in an insulating liquid, and rotation is controlled by making a cavity internal surface 
contact by expanding the coloring ball itself after image write-in termination, and increasing 
frictional resistance. Therefore, even if accidental electrification friction and disappearance of a 
maintenance charge are after image writing also with the 2nd TSUISUTINGU ball display sheet of 
this invention, a coloring ball does not rotate, it is stabilized and an image can be held. 
[0016] With the 3rd TSUISUTINGU ball display sheet of this invention Some cavity walls [ at 
least ] consist of reversible volume change matter. A coloring ball is changed into a pivotable 
condition in an insulating liquid by expanding or shrinking the wall which consisted of reversibility 
volume change matter at the time of image writing, and making it a cavity internal surface and 
non-contact. Rotation of a coloring ball is controlled by making a cavity internal surface contact 
by contracting or expanding said wall section after image write-in termination, and increasing 
frictional resistance. Therefore, even if accidental electrification friction and disappearance of a 
maintenance charge are after image writing also with the 2nd TSUISUTINGU ball display sheet of 
this invention, a coloring ball does not rotate, it is stabilized and an image can be held. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
with reference to an accompanying drawing. In addition, the configuration which is common on 
the TSUISUTINGU ball display sheet 1 1 explained in the column of said conventional technique is 
explained using the same sign. 

[0018] Drawing 1 shows the partial cross section of the TSUISUTINGU ball display sheet 10 of 
the 1st operation gestalt. This sheet 10 consists of a translucency sheet 12 made from an 
ingredient like the thermoplastic elastomer (for example, styrene-styrene butadiene rubber 
(SBS)) which causes reversible deformation lower [ it is substantially transparent and ] than the 
coloring ball which that degree of hardness mentions later, or rubber material, the cavity 14 of a 
large number with the interior spherical in the translucency sheet 1 2 — being regular (the shape 
of for example, a grid) — array formation is carried out. The coloring ball 16 is held in the cavity 
14. The cavity 14 is greatly formed a little rather than the size of the coloring ball 16. It fills up 
with an insulating liquid 18 like a silicone oil between the internal surface of a cavity 14, and the 
coloring ball 1 6. In the insulating liquid 1 8, the polymer gel particle 26 which is the reversible 
volume change matter is distributed. Each of such cavities 14 constitutes a pixel in a sheet 10. 
[0019] The coloring ball 16 has two front faces where optical properties differ. The coloring ball 
16 has white hemisphere 16w in one side, and, specifically, already has a black hemisphere in one 
side. These colors are colored by including a white-pigments particle in the polymer which is the 
component of white hemisphere 1 6w, and including a black pigment particle in the polymer which 
is the component of black hemisphere 16b. As a component of the coloring ball 16, styrene resin, 
styrene-acrylate resin, sodium sulfonation polyester, styrene-methacrylate resin, or a styrene- 
methacrylate-acrylic-acid terpolymer is used. Moreover, the diameter dozens of micrometers or 
less of the coloring ball 16 is about 20 micrometers in 10 thru/or magnitude preferably. 
[0020] Moreover, the coloring ball 16 has the front face which is two from which an 
electrification property differs, i.e., a white hemisphere front face, and a black hemisphere front 
face. Thereby, the dipole moment has arisen inside the coloring ball 16. Thus, forming, 
respectively with the ingredient which is covered with the film which has F-potential which is 
different in the front face of each hemispheres 16w and 16b as an approach of producing the 
dipole moment, respectively, which forms a ball with a ferroelectric ingredient and is made to 
carry out polarization in each hemisphere opposite direction and which has a work function which 
is different in each hemispheres 16w and 16b etc. occurs. Thus, when predetermined electric 
field are applied to the coloring ball 1 6 which the dipole moment has produced, the coloring ball 
1 6 will rotate. Here, white hemisphere 1 6w shall have the charge of forward (+), and black 
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hemisphere 1 6b shall have the charge of negative (-). 

[0021] The polymer gel particle 26 has the property which carries out a volume change reversibly 
as the insulating liquid 18 will be absorbed and it will expand, if it returns to ordinary temperature 
while escaping from the insulating liquid 18 and contracting, if heat is applied. As a polymer gel 
ingredient which has such a property, the bridge formation object of a macromolecule with LCST 
(minimum criticality eutectic temperature) is desirable. As a concrete compound, the bridge 
formation object of alkylation cellulosics, such as a bridge formation object of copolymers of two 
or more components, such as a bridge formation object of [N-alkylation (meta) acrylamides], 
such as Pori N-isopropyl acrylamide, N-alkylation (meta) acrylamide and an acrylic acid (meta) 
and its metal salt, acrylamide, or (meta) acrylic-acid alkyl ester, a bridge formation object of 
polyvinyl methyl ether, methyl cellulose, ethyl cellulose, and hydroxypropylcellulose, etc. is 
mentioned. 

[0022] Then, actuation of the sheet 10 which consists of the above configuration is explained. By 
applying predetermined electric field before image formation, the sheet 10 rotates and is equal to 
the condition that all the coloring balls 1 6 turned each white hemisphere 1 6w in the same 
direction, as shown in drawing 1 . Thereby, when a sheet 10 is seen from the sheet surface 12a 
side, the whole sheet is visible to white. 

[0023] As shown in drawing 2 to the sheet 10 in this condition at the time of image writing, while 
applying heat to a sheet 10, electric field 24 are applied to the desired cavity 14 with the 
external electrodes 20 and 22 arranged on both sides of a sheet 10. With said heating, the 
polymer gel particle 26 in a cavity 14 escapes from the insulating liquid 18, and contracts. 
Thereby, frictional resistance with polymer gel 26 decreases, and the coloring ball 16 will be in a 
pivotable condition. 

[0024] Thus, with the coloring ball 16 which changed into the pivotable condition, while being 
drawn according to an operation of said electric field 24 to the electrode 20 with which positive 
voltage was impressed by black hemisphere 16b which carried out negative polarity 
electrification, it is drawn to the electrode 22 with which the minus electrical potential difference 
was impressed by white hemisphere 1 6w which carried out straight polarity electrification. 
Consequently, the coloring ball 16 is visible to a black dot, when black hemisphere 16b rotates in 
the condition of having countered the electrode 20 and sees from the sheet surface 12a side. 
Rotation is controlled with the maintenance charge (it illustrates by + and -) given to surface 12a 
and rear-face 1 2b of a sheet 1 0 with the external electrodes 20 and 22, and the coloring ball 1 6 
rotated by electric field 24 is held. Thus, by rotating many coloring balls 16 alternatively, a 
desired image can be written in a sheet 10. 

[0025] Thus, after an image is written in, a sheet 10 is returned to the environment (ordinary 
temperature) generally used. Then, as shown in drawing 3 , absorb the insulating liquid 1 8, the 
polymer gel particle 26 expands, and coloring ball 16 front face and cavity 14 internal surface will 
be contacted it. By this, rotation will be controlled because frictional resistance with the polymer 
gel particle 26 increases, and the coloring ball 16 will be held in the condition as it is. The holding 
power of the coloring ball 1 6 in this case is powerful compared with the case of what is 
depended on a maintenance charge. Moreover, rotation is controlled and held about the coloring 
ball 16 16 of the non-image section which did not rotate by electric field not being impressed, 
i.e., a coloring ball with the condition of having turned white hemisphere 1 6w to the sheet surface 
12a side, by the polymer gel particle 26 which expanded. Therefore, without according to the 
sheet 10, the coloring ball 16 rotating, even if disappearance of accidental frictional 
electrification or a maintenance charge is after image writing, it is stabilized and an image can be 
held. 

[0026] Next, TSUISUTINGU ball display sheet 10a of the 2nd operation gestalt is explained. The 
polymer gel particle 26 is not distributed in the insulating liquid 18, but a different point from the 
sheet 10 of said 1st operation gestalt in this sheet 10a consists of polymer gel ingredients which 
the coloring ball 16 whole contracts with heat and which were mentioned above, as shown in 
drawing 4 . 

[0027] In this sheet 10a, by heating at the time of image writing, coloring ball 16 the very thing 
escapes from the insulating liquid 1 8, and contracts, by this, the coloring ball 1 6 will be in the 
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internal surface and non-contact condition of a cavity 14, and frictional resistance is reduced 
greatly, and pivotable — a condition — ** In this condition, the same with having explained the 
sheet 10 of the 1st operation gestalt, by applying the suitable electric field for the desired cavity 
14, the coloring ball 16 rotates and the writing of an image is performed. After image write-in 
termination, if returned to the environment (ordinary temperature) where sheet 10a is generally 
used, as shown in drawing 5 , coloring ball 16 the very thing absorbs the insulating liquid 18, and 
expands, and the internal surface of a cavity 14 will be contacted. By this, rotation of the 
coloring ball 1 6 will be controlled and it will be held at a condition as it is because frictional 
resistance increases sharply. Therefore, even if there is disappearance of the accidental 
frictional electrification after image writing or a maintenance charge also by sheet 10a, the 
coloring ball 1 6 does not rotate, it is stabilized and an image can be held. 

[0028] In addition, although the polymer gel ingredient constituted all of the coloring balls 1 6 from 
said sheet 10a, some coloring balls 16 may consist of polymer gel ingredients. For example, when 
only black hemisphere 1 6b is constituted from a polymer gel ingredient among the coloring balls 
16, at the time of ordinary temperature, black hemisphere 16b absorbs the insulating liquid 18, 
and expands. Thereby, as shown in drawing 6 , the coloring ball 16 becomes a form like an egg, 
the both ends contact the internal surface of a cavity 1 4, and rotation of the coloring ball 1 6 is 
controlled. 

[0029] Next, TSUISUTINGU ball display sheet 10b of the 3rd operation gestalt is explained with 
reference to drawing 7 and 8. This sheet 1 0b is formed by pasting up only a sheet periphery (hot 
shown) for 1st sheet 12c and 2nd sheet 12d mutually by approaches, such as ultrasonic welding, 
as shown in drawin g 7 . Bridge wall 13a used as the wall of a cavity 14 is formed in 1st sheet 
12c. The clearance is formed in this bridge wall 13. This clearance is filled up with polymer gel 28. 
The bridge wall 13 which sandwiches polymer gel 28 from both sides also plays the role which 
supports the polymer gel 28 expanded and contracted so that it may be a comparatively soft 
ingredient and may mention later. The cavity 14 is filled up with the insulating liquid 18 while the 
coloring ball 16 is held. In addition, 1st sheet 12c which has the above bridge walls 13 can be 
formed by precision micro processing which used a photolithography, etching, etc. 
[0030] The polymer gel 28 of this operation gestalt has the property which carries out a volume 
change reversibly as it will escape from the insulating liquid 18 and will contract, if it returns to 
ordinary temperature while absorbing the insulating liquid 18 and expanding, if heat is applied. As 
this polymer gel 28, IPN (mutual invasion network structure object) of the polymer gel of two 
components which carry out hydrogen bond etc. is desirable. As a concrete compound, the IPN 
object which consists of a bridge formation object of the Pori (meta) acrylamide and a bridge 
formation object of the Pori (meta) acrylic acid and its partial neutralization object (what carried 
out the metal chlorination of the acrylic-acid unit partially), the IPN object which consists of the 
bridge formation object of a copolymer and the bridge formation object of the Pori (meta) acrylic 
acid which use Pori (meta) acrylamide as a principal component, its partial neutralization object, 
etc. are mentioned. 

[0031] In sheet 10b which has the above-mentioned structure, at the time of the ordinary 
temperature before an image is written in, although the coloring balls 16 are a bridge wall 13 and 
non-contact, it is inserted into 1st sheet 12c and 2nd sheet 12d, and they are held. Moreover, all 
the coloring balls 16 are arranged with the condition of having turned white hemisphere 16w to 
the 1 st sheet 1 2c side, by impressing predetermined electric field before image writing. 
[0032] When writing an image in such sheet 10b, heat is applied to sheet 10b. Thereby, as shown 
■ n drawing 8 , polymer gel 28 absorbs the insulating liquid 18, and expands, and a cavity 14 is 
extended in the sheet thickness direction. Consequently, the coloring ball 16 will be in a pivotable 
condition, when it becomes 1 st sheet 1 2c and 2nd sheet 1 2d, and non-contact and frictional 
resistance decreases greatly. In this condition, as the sheet 10 of the 1st operation gestalt 
explained, electric field are applied to the desired cavity 14, the coloring ball 16 is rotated, and an 
image is written in. After image write-in termination, if returned to the environment (ordinary 
temperature) where sheet 10b is generally used, polymer gel 28 will escape from the insulating 
liquid 1 8, will contract, and will return to the condition which shows in drawing 7 . any of the 
having displayed white ground's, without [ the coloring ball 16 which rotates and displays an 
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image by this, and ] rotating coloring ball 1 6 — although — 1 st sheet 1 2c and 2nd sheet 1 2d will 
be contacted, frictional resistance will increase, and rotation will be controlled and held. 
Therefore, also by sheet 1 0b of this operation gestalt, even if disappearance of accidental 
frictional electrification or a maintenance charge is after image writing, it is stabilized and an 
image can be held. 

[0033] In addition, although polymer gel 28 was filled up with said sheet 1 0b into the clearance 
between bridge walls 13, a part of bridge wall 13 very thing which is a cavity wall as shown in 
drawing 9 may consist of polymer gels 28. 

[0034] Moreover, although polymer gel 28 constituted some walls of a cavity 14 from filling up 
the clearance between bridge walls 13 with said sheet 10b, as shown in drawing 10 , the wall of 
cavities 14 other than bridge wall 13 may consist of polymer gels 28 and 28 (only either may be 
prepared). In this case, polymer gel 28 has the same property (namely, heat contraction) as the 
polymer gel particle 26 in the sheet 10 of the 1st operation gestalt, and holds the coloring ball 16 
by inserting between the polymer gel 28 which expanded, respectively, and 28 at the time of 
ordinary temperature. Furthermore, as shown in drawing 1 1 , all of the walls of a cavity 14 may 
consist of polymer gels 28. Also in this case, polymer gel 28 has the same property as the 
polymer gel particle 26 in the sheet 10 of the 1st operation gestalt. Therefore, polymer gel 28 will 
change the coloring ball 1 6 into a pivotable condition, as it contracts with heating and is shown in 
drawing 1 1 , and it will hold the coloring ball 1 6 by expanding at the time of ordinary temperature 
and contacting the perimeter of a ball. 

[0035] By the way, although the polymer gel which produces a volume change with heat was 
used in said sheet 10b, the polymer gel which replaces with this and produces a volume change 
by light may be used. As a compound of such polymer gel, there are the polystyrene and Pori (N 
and N-dimethyl acrylamide) where polyvinyl methyl ether, the leuco of a triphenylmethane color, 
and leuco hydroxide were introduced into the side chain in part, polyacrylamide, etc., for example. 
When polyvinyl methyl ether is used, since the insulating liquid 18 will be absorbed and this will 
expand if infrared radiation is irradiated, it can acquire the same effectiveness as said sheet 10b 
by performing image writing, where infrared radiation is irradiated. 

[0036] Although the coloring ball (namely, ball of positive/negative electrification by monochrome 
coloring) 16 which has the front face which is two from which an optical property and an 
electrification property differ was used in the above operation gestalt and its modification, the 
coloring ball which has three or more front faces where an optical property differs from an 
electrification property may be used with the TSUISUTINGU ball display sheet of this invention. 
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TECHNICAL FIELD 



[Field of the Invention] This invention has held the coloring ball which has a partially different 
electrification property in the cavity filled up with the insulating liquid, and relates to the 
TSUISUTINGU ball display sheet which displays an image (a text is included) by rotating this 
coloring ball by the electric action. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Conventionally, the TSUISUTINGU ball display sheet (it may only 
be hereafter called a "sheet") 1 1 which has a partial cross section as shown in drawing 12 is 
known. This sheet 1 1 consists of a translucency sheet 12 made from an ingredient like an 
elastomer, the cavity 14 of a large number with the interior spherical in the translucency sheet 
12 — being regular (the shape of for example, a grid) — array formation is carried out. The 
coloring ball 16 is held in the cavity 14. The cavity 14 is greatly formed a little rather than the 
size of the coloring ball 16. It fills up with the insulating liquid 18 between the internal surface of 
a cavity 14, and the coloring ball 16. Each of such cavities 14 constitutes a pixel in a sheet 11. 
[0003] The coloring ball 1 6 has two front faces where optical properties differ. The coloring ball 
16 has white hemisphere 16w in one side, and, specifically, already has a black hemisphere in one 
side. It could be colored by distinguishing a coating etc. by different color with on each front face 
of both hemispheres, or applying a coating etc. only to the front face of one hemisphere, and 
these colors could be colored by making the ingredient which constitutes each hemisphere 
contain coloring matter, such as a pigment, respectively. Moreover, the diameter dozens of 
micrometers or less of the coloring ball 16 is about 20 micrometers in 1 0 thru/or magnitude 
preferably. 

[0004] Moreover, the coloring ball 16 has the front face which is two from which an 
electrification property differs, i.e., a white hemisphere front face, and a black hemisphere front 
face. Thereby, the dipole moment has arisen inside the coloring ball 1 6. Thus, forming, 
respectively with the ingredient which is covered with the film which has F-potential which is 
different in the front face of each hemispheres 16w and 16b as an approach of producing the 
dipole moment, respectively, which forms a ball with a ferroelectric ingredient and is made to 
carry out polarization in each hemisphere opposite direction and which has a work function which 
is different in each hemispheres 1 6w and 1 6b etc. occurs. Thus, when predetermined electric 
field are applied to the coloring ball 1 6 which the dipole moment has produced, the coloring ball 
1 6 will rotate. Here, it is assumed that it is that in which white hemisphere 1 6w has the charge of 
forward (+), and black hemisphere 1 6b has the charge of negative (-). 

[0005] In addition, such a manufacture approach of a sheet 1 1 or the coloring ball 16 is indicated 
by U.S. Pat. No. 4,126,854, JP.10-214050A JP,10-333608,A, etc., and is well-known. 
[0006] With the sheet 1 1 which has the configuration mentioned above, by applying 
predetermined electric field before image formation, as shown in drawing 12 , all the coloring balls 
1 6 rotate and are equal to the condition of having turned each white hemisphere 1 6w in the 
same direction. Thereby, when a sheet 1 1 is seen from the upper part (it is the same also in the 
direction of X, and drawing 13 ), the whole sheet is visible to white. If electric field 24 are applied 
to the desired cavity 14 to the sheet 1 1 in this condition with the external electrodes 20 and 22 
arranged on both sides of a sheet 1 1 as shown in drawing 1 3 , while being drawn to the electrode 
20 with which positive voltage was impressed by black hemisphere 1 6b which carried out 
negative polarity electrification, it is drawn to the electrode 22 with which the minus electrical 
potential difference was impressed by white hemisphere 1 6w which carried out straight polarity 
electrification. Thereby, the coloring ball 16 is visible to a black dot, when black hemisphere 16b 
rotates in the condition of having turned to the electrode 20 and looks at a sheet 1 1 from the 
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upper part. Thus, a desired image can be displayed on a sheet 1 1 by rotating many coloring balls 
1 6 alternatively. 

[0007] Thus, the displayed image is held by being maintained so that the coloring ball 16 may not 
rotate with the maintenance charge given to the front face of a sheet 1 1 with the external 
electrodes 20 and 22. 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] With the 1st TSUISUTINGU ball display sheet of this invention, the 
reversible volume change matter distributed in the insulating liquid around a coloring ball is 
shrunk at the time of image writing. Thereby, frictional resistance with the reversible volume 
change matter is reduced, and a coloring ball will be in a pivotable condition in an insulating liquid. 
On the other hand, after image write-in termination, said reversible volume change matter is 
expanded in the condition of having contacted the coloring ball front face and the cavity internal 
surface. Consequently, when frictional resistance with the reversibility volume change matter 
increases, rotation is controlled, and the coloring ball which rotated in the condition of having 
displayed the image is held while it has been in the condition. This is the same also about the 
coloring ball of the non-image display section. Therefore, according to the 1 st TSUISUTINGU ball 
display sheet of this invention, even if disappearance of accidental frictional electrification or a 
maintenance charge is after image writing, a coloring ball does not rotate, it is stabilized and an 
image can be held. 

[0015] With the 2nd TSUISUTINGU ball display sheet of this invention, all or some of coloring ball 
consists of reversible volume change matter, by shrinking the coloring ball itself at the time of 
image writing, and making it a cavity internal surface and non-contact, it changes into a pivotable 
condition in an insulating liquid, and rotation is controlled by making a cavity internal surface 
contact by expanding the coloring ball itself after image write-in termination, and increasing 
frictional resistance. Therefore, even if accidental electrification friction and disappearance of a 
maintenance charge are after image writing also with the 2nd TSUISUTINGU ball display sheet of 
this invention, a coloring ball does not rotate, it is stabilized and an image can be held. 
[0016] With the 3rd TSUISUTINGU ball display sheet of this invention Some cavity walls [ at 
least ] consist of reversible volume change matter. A coloring ball is changed into a pivotable 
condition in an insulating liquid by expanding or shrinking the wall which consisted of reversibility 
volume change matter at the time of image writing, and making it a cavity internal surface and 
non-contact. Rotation of a coloring ball is controlled by making a cavity internal surface contact 
by contracting or expanding said wall section after image write-in termination, and increasing 
frictional resistance. Therefore, even if accidental electrification friction and disappearance of a 
maintenance charge are after image writing also with the 2nd TSUISUTINGU ball display sheet of 
this invention, a coloring ball does not rotate, it is stabilized and an image can be held. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
with reference to an accompanying drawing. In addition, the configuration which is common on 
the TSUISUTINGU ball display sheet 1 1 explained in the column of said conventional technique is 
explained using the same sign. 

[0018] Drawing 1 shows the partial cross section of the TSUISUTINGU ball display sheet 10 of 
the 1st operation gestalt. This sheet 10 consists of a translucency sheet 12 made from an 
ingredient like the thermoplastic elastomer (for example, styrene-styrene butadiene rubber 
(SBS)) which causes reversible deformation lower [ it is substantially transparent and ] than the 
coloring ball which that degree of hardness mentions later, or rubber material, the cavity 14 of a 
large number with the interior spherical in the translucency sheet 1 2 — being regular (the shape 
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of for example, a grid) — array formation is carried out. The coloring ball 16 is held in the cavity 
14. The cavity 14 is greatly formed a little rather than the size of the coloring ball 16. It fills up 
with an insulating liquid 18 like a silicone oil between the internal surface of a cavity 14, and the 
coloring ball 16. In the insulating liquid 18, the polymer gel particle 26 which is the reversible 
volume change matter is distributed. Each of such cavities 14 constitutes a pixel in a sheet 10. 
[0019] The coloring ball 16 has two front faces where optical properties differ. The coloring ball 
16 has white hemisphere 16w in one side, and, specifically, already has a black hemisphere in one 
side. These colors are colored by including a white-pigments particle in the polymer which is the 
component of white hemisphere 1 6w, and including a black pigment particle in the polymer which 
is the component of black hemisphere 16b. As a component of the coloring ball 16, styrene resin, 
styrene-acrylate resin, sodium sulfonation polyester, styrene-methacrylate resin, or a styrene- 
methacrylate-acrylic-acid terpolymer is used. Moreover, the diameter dozens of micrometers or 
less of the coloring ball 1 6 is about 20 micrometers in 1 0 thru/or magnitude preferably. 
[0020] Moreover, the coloring ball 16 has the front face which is two from which an 
electrification property differs, i.e., a white hemisphere front face, and a black hemisphere front 
face. Thereby, the dipole moment has arisen inside the coloring ball 1 6. Thus, forming, 
respectively with the ingredient which is covered with the film which has F-potential which is 
different in the front face of each hemispheres 1 6w and 1 6b as an approach of producing the 
dipole moment, respectively, which forms a ball with a ferroelectric ingredient and is made to 
carry out polarization in each hemisphere opposite direction and which has a work function which 
is different in each hemispheres 16w and 16b etc. occurs. Thus, when predetermined electric 
field are applied to the coloring ball 16 which the dipole moment has produced, the coloring ball 
1 6 will rotate. Here, white hemisphere 1 6w shall have the charge of forward (+), and black 
hemisphere 1 6b shall have the charge of negative (-). 

[0021] The polymer gel particle 26 has the property which carries out a volume change reversibly 
as the insulating liquid 1 8 will be absorbed and it will expand, if it returns to ordinary temperature 
while escaping from the insulating liquid 18 and contracting, if heat is applied. As a polymer gel 
ingredient which has such a property, the bridge formation object of a macromolecule with LOST 
(minimum criticality eutectic temperature) is desirable. As a concrete compound, the bridge 
formation object of alkylation cellulosics, such as a bridge formation object of copolymers of two 
or more components, such as a bridge formation object of [N-alkylation (meta) acrylamides], 
such as Pori N-isopropyl acrylamide, N-alkylation (meta) acrylamide and an acrylic acid (meta) 
and its metal salt, acrylamide, or (meta) acrylic-acid alkyl ester, a bridge formation object of 
polyvinyl methyl ether, methyl cellulose, ethyl cellulose, and hydroxypropylcellulose, etc. is 
mentioned. 

[0022] Then, actuation of the sheet 10 which consists of the above configuration is explained. By 
applying predetermined electric field before image formation, the sheet 10 rotates and is equal to 
the condition that all the coloring balls 16 turned each white hemisphere 16w in the same 
direction, as shown in drawin g 1 . Thereby, when a sheet 10 is seen from the sheet surface 12a 
side, the whole sheet is visible to white. 

[0023] As shown in drawing 2 to the sheet 10 in this condition at the time of image writing, while 
applying heat to a sheet 10, electric field 24 are applied to the desired cavity 14 with the 
external electrodes 20 and 22 arranged on both sides of a sheet 10. With said heating, the 
polymer gel particle 26 in a cavity 14 escapes from the insulating liquid 18, and contracts. 
Thereby, frictional resistance with polymer gel 26 decreases, and the coloring ball 16 will be in a 
pivotable condition. 

[0024] Thus, with the coloring ball 16 which changed into the pivotable condition, while being 
drawn according to an operation of said electric field 24 to the electrode 20 with which positive 
voltage was impressed by black hemisphere 1 6b which carried out negative polarity 
electrification, it is drawn to the electrode 22 with which the minus electrical potential difference 
was impressed by white hemisphere 1 6w which carried out straight pplarity electrification. 
Consequently, the coloring ball 16 is visible to a black dot, when black hemisphere 16b rotates in 
the condition of having countered the electrode 20 and sees from the sheet surface 12a side. 
Rotation is controlled with the maintenance charge (it illustrates by + and -) given to surface 12a 
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and rear-face 12b of a sheet 10 with the external electrodes 20 and 22, and the coloring ball 16 
rotated by electric field 24 is held. Thus, by rotating many coloring balls 1 6 alternatively, a 
desired image can be written in a sheet 10. 

[0025] Thus, after an image is written in, a sheet 10 is returned to the environment (ordinary 
temperature) generally used. Then, as shown in drawing 3 , absorb the insulating liquid 18, the 
polymer gel particle 26 expands, and coloring ball 16 front face and cavity 14 internal surface will 
be contacted it. By this, rotation will be controlled because frictional resistance with the polymer 
gel particle 26 increases, and the coloring ball 1 6 will be held in the condition as it is. The holding 
power of the coloring ball 1 6 in this case is powerful compared with the case of what is 
depended on a maintenance charge. Moreover, rotation is controlled and held about the coloring 
ball 16 1 6 of the non-image section which did not rotate by electric field not being impressed, 
i.e., a coloring ball with the condition of having turned white hemisphere 1 6w to the sheet surface 
1 2a side, by the polymer gel particle 26 which expanded. Therefore, without according to the 
sheet 10, the coloring ball 16 rotating, even if disappearance of accidental frictional 
electrification or a maintenance charge is after image writing, it is stabilized and an image can be 
held. 

[0026] Next, TSUISUTINGU ball display sheet 10a of the 2nd operation gestalt is explained. The 
polymer gel particle 26 is not distributed in the insulating liquid 18, but a different point from the 
sheet 10 of said 1st operation gestalt in this sheet 10a consists of polymer gel ingredients which 
the coloring ball 16 whole contracts with heat and which were mentioned above, as shown in 
drawing 4 . 

[0027] In this sheet 10a, by heating at the time of image writing, coloring ball 16 the very thing 
escapes from the insulating liquid 18, and contracts, by this, the coloring ball 16 will be in the 
internal surface and non-contact condition of a cavity 14, and frictional resistance is reduced 
greatly, and pivotable — a condition — ** In this condition, the same with having explained the 
sheet 10 of the 1st operation gestalt, by applying the suitable electric field for the desired cavity 
14, the coloring ball 1 6 rotates and the writing of an image is performed. After image write-in 
termination, if returned to the environment (ordinary temperature) where sheet 10a is generally 
used, as shown in drawing 5 , coloring ball 16 the very thing absorbs the insulating liquid 18, and 
expands, and the internal surface of a cavity 14 will be contacted. By this, rotation of the 
coloring ball 1 6 will be controlled and it will be held at a condition as it is because frictional 
resistance increases sharply. Therefore, even if there is disappearance of the accidental 
frictional electrification after image writing or a maintenance charge also by sheet 10a, the 
coloring ball 1 6 does not rotate, it is stabilized and an image can be held. 

[0028] In addition, although the polymer gel ingredient constituted all of the coloring balls 16 from 
said sheet 10a, some coloring balls 16 may consist of polymer gel ingredients. For example, when 
only black hemisphere 1 6b is constituted from a polymer gel ingredient among the coloring balls 
1 6, at the time of ordinary temperature, black hemisphere 1 6b absorbs the insulating liquid 1 8, 
and expands. Thereby, as shown in drawin g 6 , the coloring ball 1 6 becomes a form like an egg, 
the both ends contact the internal surface of a cavity 14, and rotation of the coloring ball 16 is 
controlled. 

[0029] Next, TSUISUTINGU ball display sheet 10b of the 3rd operation gestalt is explained with 
reference to drawing 7 and 8. This sheet 10b is formed by pasting up only a sheet periphery (not 
shown) for 1st sheet 12c and 2nd sheet 12d mutually by approaches, such as ultrasonic welding, 
as shown in drawing 7 . Bridge wall 13a used as the wall of a cavity 14 is formed in 1st sheet 
12c. The clearance is formed in this bridge wall 13. This clearance is filled up with polymer gel 28. 
The bridge wall 13 which sandwiches polymer gel 28 from both sides also plays the role which 
supports the polymer gel 28 expanded and contracted so that it may be a comparatively soft 
ingredient and may mention later. The cavity 14 is filled up with the insulating liquid 18 while the 
coloring ball 16 is held. In addition, 1st sheet 12c which has the above bridge walls 13 can be 
formed by precision micro processing which used a photolithography, etching, etc. 
[0030] The polymer gel 28 of this operation gestalt has the property which carries out a volume 
change reversibly as it will escape from the insulating liquid 1 8 and will contract, if it returns to 
ordinary temperature while absorbing the insulating liquid 18 and expanding, if heat is applied. As 
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this polymer gel 28, IPN (mutual invasion network structure object) of the polymer gel of two 
components which carry out hydrogen bond etc. is desirable. As a concrete compound, the IPN 
object which consists of a bridge formation object of the Pori (meta) acrylamide and a bridge 
formation object of the Pori (meta) acrylic acid and its partial neutralization object (what carried 
out the metal chlorination of the acrylic-acid unit partially), the IPN object which consists of the 
bridge formation object of a copolymer and the bridge formation object of the Pori (meta) acrylic 
acid which use Pori (meta) acrylamide as a principal component, its partial neutralization object, 
etc. are mentioned. 

[0031] In sheet 10b which has the above-mentioned structure, at the time of the ordinary 
temperature before an image is written in, although the coloring balls 16 are a bridge wall 13 and 
non-contact, it is inserted into 1st sheet 12c and 2nd sheet 12d, and they are held. Moreover, all 
the coloring balls 16 are arranged with the condition of having turned white hemisphere 16w to 
the 1st sheet 12c side, by impressing predetermined electric field before image writing. 
[0032] When writing an image in such sheet 10b, heat is applied to sheet 10b. Thereby, as shown 
in drawing 8 , polymer gel 28 absorbs the insulating liquid 18, and expands, and a cavity 14 is 
extended in the sheet thickness direction. Consequently, the coloring ball 16 will be in a pivotable 
condition, when it becomes 1st sheet 12c and 2nd sheet 12d, and non-contact and frictional 
resistance decreases greatly. In this condition, as the sheet 10 of the 1st operation gestalt 
explained, electric field are applied to the desired cavity 14, the coloring ball 16 is rotated, and an 
image is written in. After image write-in termination, if returned to the environment (ordinary 
temperature) where sheet 10b is generally used, polymer gel 28 will escape from the insulating 
liquid 18, will contract, and will return to the condition which shows in drawing 7 . any of the 
having displayed white ground's, without [ the coloring ball 16 which rotates and displays an 
image by this, and ] rotating coloring ball 1 6 — although — 1 st sheet 1 2c and 2nd sheet 1 2d will 
be contacted, frictional resistance will increase, and rotation will be controlled and held. 
Therefore, also by sheet 10b of this operation gestalt, even if disappearance of accidental 
frictional electrification or a maintenance charge is after image writing, it is stabilized and an 
image can be held. 

[0033] In addition, although polymer gel 28 was filled up with said sheet 1 0b into the clearance 
between bridge walls 1 3, a part of bridge wall 1 3 very thing which is a cavity wall as shown in 
drawin g 9 may consist of polymer gels 28. 

[0034] Moreover, although polymer gel 28 constituted some walls of a cavity 1 4 from filling up 
the clearance between bridge walls 13 with said sheet 10b, as shown in drawing 10 , the wall of 
cavities 14 other than bridge wall 13 may consist of polymer gels 28 and 28 (only either may be 
prepared). In this case, polymer gel 28 has the same property (namely, heat contraction) as the 
polymer gel particle 26 in the sheet 10 of the 1st operation gestalt, and holds the coloring ball 16 
by inserting between the polymer gel 28 which expanded, respectively, and 28 at the time of 
ordinary temperature. Furthermore, as shown in drawin g 1 1 , all of the walls of a cavity 14 may 
consist of polymer gels 28. Also in this case, polymer gel 28 has the same property as the 
polymer gel particle 26 in the sheet 10 of the 1st operation gestalt. Therefore, polymer gel 28 will 
change the coloring ball 16 into a pivotable condition, as it contracts with heating and is shown in 
drawing 1 1 , and it will hold the coloring ball 1 6 by expanding at the time of ordinary temperature 
and contacting the perimeter of a ball. 

[0035] By the way, although the polymer gel which produces a volume change with heat was 
used in said sheet 10b, the polymer gel which replaces with this and produces a volume change 
by light may be used. As a compound of such polymer gel, there are the polystyrene and Pori (N 
and N-dimethyl acrylamide) where polyvinyl methyl ether, the leuco of a triphenylmethane color, 
and leuco hydroxide were introduced into the side chain in part, polyacrylamide, etc., for example. 
When polyvinyl methyl ether is used, since the insulating liquid 18 will be absorbed and this will 
expand if infrared radiation is irradiated, it can acquire the same effectiveness as said sheet 10b 
by performing image writing, where infrared radiation is irradiated. 

[0036] Although the coloring ball (namely, ball of positive/negative electrification by monochrome 
coloring) 1 6 which has the front face which is two from which an optical property and an 
electrification property differ was used in the above operation gestalt and its modification, the 
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coloring ball which has three or more front faces where an optical property differs from an 
electrification property may be used with the TSUISUTINGU ball display sheet of this invention. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, with the sheet 1 1 as which the image was 
displayed as mentioned above, when there was disappearance of the accidental frictional 
electrification by rubbing by hand etc. or a maintenance charge, the coloring ball of the image 
display section or the non-image display section may rotate, and there was a problem that it was 
stabilized and an image could not be held. 



[Translation done.] 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran.web.cgLejje 



05/06/28 



, JP f 2002-287175,A [MEANS] 1/1 K — 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] In order to solve said problem then, the 1st TSUISUTINGU ball 
display sheet of this invention It holds the translucency sheet which has the cavity by which 
array formation was carried out regularly, and in said cavity, and has at least two front faces 
where an optical property differs from an electrification property. By the electric action A 
pivotable coloring ball, It has the insulating liquid with which it filled up between the internal 
surface of said cavity, and said coloring ball, and the reversible volume change matter distributed 
in said insulating liquid. 

[0010] Moreover, the 2nd TSUISUTINGU ball display sheet of this invention It holds the 
translucency sheet which has the cavity by which array formation was carried out regularly, and 
in said cavity, and has at least two front faces where an optical property differs from an 
electrification property. By the electric action A pivotable coloring ball, It has the insulating liquid 
with which it filled up between the internal surface of said cavity, and said coloring ball, and is 
characterized by said all or some of coloring ball consisting of reversible volume change matter. 
[001 1] With the 1st [ of said this invention ], and 2nd TSUISUTINGU ball display sheets, said 
reversible volume change matter may produce a volume change with heat. 
[0012] Moreover, the 3rd TSUISUTINGU ball display sheet of this invention It holds the 
translucency sheet which has the cavity by which array formation was carried out regularly, and 
in said cavity, and has at least two front faces where an optical property differs from an 
electrification property. By the electric action A pivotable coloring ball, It has the insulating liquid 
with which it filled up between the internal surface of said cavity, and said coloring ball, and is 
characterized by forming some walls [ at least ] of said cavity by the reversible volume change 
matter. 

[0013] With the 3rd TSUISUTINGU ball display sheet of this invention, said reversible volume 

change matter may produce a volume change by heat or light. 

[0014] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The fragmentary sectional view of the TSUISUTINGU ball display sheet of the 1st 
operation gestalt. 

[Drawing 2] Drawing showing the condition when applying electric field to the cavity of a request 
of the sheet of drawin g 1 , and rotating a coloring ball. 

[Drawin g 3] Drawing showing the condition that a coloring ball is held by the polymer gel particle, 
in the sheet of drawing 1 . 

[Drawing 4] The fragmentary sectional view of the TSUISUTINGU ball display sheet of the 2nd 
operation gestalt. 

[Drawing 5] Drawing showing the condition that a coloring ball is held within a cavity in the sheet 
of drawing 4 . 

[Drawing 6] Drawing showing the condition that a coloring ball is held within a cavity, in the 
modification of the 2nd operation gestalt. 

[ Drawing 7] The fragmentary sectional view of the TSUISUTINGU ball display sheet of the 2nd 
operation gestalt. 

[Drawing 8] Drawing showing the condition that polymer gel expanded, in the sheet of drawing 7 . 

[Drawing 9] Drawing showing the modification of the 3rd operation gestalt. 

[Drawing 10] Drawing showing another modification of the 3rd operation gestalt. 

[Drawing 1 1] Drawing showing still more nearly another modification of the 3rd operation gestalt. 

[Drawin g 12] The fragmentary sectional view of the conventional TSUISUTINGU ball display 

sheet. 

[Drawing 13] Drawing showing the condition when applying electric field to the cavity of a 
request of the sheet of drawing 12 , and rotating a coloring ball 
[Description of Notations] 

10, 10a, 10b [ — A coloring ball, 16b / — A black hemisphere, 16w / — A white hemisphere, 
18 / — 20 An insulating liquid 22 / — An external electrode, 24 / — Electric field 26 / — A 
polymer gel particle (reversible volume change matter), 28 / — Polymer gel (reversible volume 
change matter). ] — A TSUISUTINGU ball display sheet, 12 — A translucency sheet, 14 — A 
cavity, 16 
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DRAWINGS 



[Drawing 1] 
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[Drawing 12] 




[Drawing 13] 
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